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m&m&om&^mim±Km!MJR*£fcfrb?&&&< bb im&±<om 

£ t trnkt-tzmim i xam tiM<o*mfc?'U 7 0 

ltv^ i t tomt't&mii&L i xmrnm 2 tam^^rw 7 0 
w&m 5 ] mimm^^^b-r^^.m^mm^mm^m.mm'&.mxim 

±0*KSr«riB3E»Stt®±lw3BiRi-J6 - &*mfcT'U 7<nWlk 

-r&ct b -t&m 5 xim>m 6 tamo#^#^NM * om&x&o 
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[0001] 

Lxmim^zmm Ltz^m^r^u xRvm^mfcr^j *<d 

[0 0 0 2] 

ii-nmft&to*mfc<o—m^&zm4\&& (zno) Mgo^caof 
bmMirj xfisj mmm o&mnm ^<omm $ tix v> * 0 

[0 0 0 3] 
[0 0 0 4] 

-ftefr*,, ZnOtt, 129 (a) Z nl?5 1 tC^LTV>S 

|fiJv>Tw&ffi#&£tt (+cit) fc, HI9 (b) fcgcTJ:? ZnJEf 5U: 

^tfT-ftzfa^x^zMmm®. (-ctit) fc«r#ucv*& 0 

[0 0 0 5] 
[0 0 0 6] 

*K PMBE (plasma-assisted molecular-beam epitaxy; */ 
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f-S Z n Of I^Mt^> ^ O-CI -5 i ^%Ci^^titv^ (APPLIED PH 
YSICS LETTERS Vol. 80 No. 8 pp.1358 - 1360 (2002) ; JglTV 1 (Dtitifctfi 

[0 0 0 7] 

ttz, t7 7^f7it±^GaItt^tSGaN^lU J&m&ftZftm 
•T&ZtKX *) HtrfSG a NJt^3E»*ttXttBI**tt**i"'* Z n O^m^r^M 
nitOT^it *LTV*& (APPLIED PHYSICS LETTERS Vol. 77 No 

. 22 pp.3571 - 3573 (2000) ; &T> r»2 0fi£*^fj fcV>?) 0 
[0 0 0 8] 

^^•t^ClfcO-Cg^^Ktwliafe^tfrv^ ,(#P§2 001-14432 
8 -^<2r# ; JS1T\ m 3 Ot&3fe}» J t ) 0 
[0 0 0 9] 

3 mtiLommfci&zx+m (M§&m&) xiz-m (mm 

*^ri-&BESR (znoi) <o^jftd*RriB-e*o, *f£»sj^ 

[0 0 10] 

OjfJJUte. ffi$ftMMr^*>ifc£L59'}fc& (Coaxial Impact Collision Ion Sea 
ttering Spectroscopy ; C A I C I S S) KX *) H***te*#1-* - i:* 4 ?*© 

eiiiMfcfc mM^w¥*#i££;rr&z noiiw-t^ti^ 

^ZnO^*^fflL-C^S#^NMX«rii^L/i^^ iNMir*fc#*4h 

iw£feit i>?z *) m&t %> **** & o 
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[0 0 11] 

*2W|fe*fl£«»=J:*tJf, ZnO» 

1-&Z nOllWt^ut^tlS^ GaN±i:ZnO«m^i:I 
«ajR**lf-ffl-t" & #>> G a N OflMfcxSlfC* ^Ga^ZnO & * 

j&*ab£o fLT, G aiiZ nOWtKt-fc LTflsffl-f&fcfc. Ga^ZnO 
»K*twffi«[-r*i:Zn0.3&«e^i:<b1-*« L^*>> TWflBia»:*IW«l-r*ii:tt 

[0 0 12] 

$ h ±mm 2 <Dm&m\*. GaNtznot -e^^^^^-r & tz 

[0 0 13] 

o 

[0 0 14] 
[0 0 15] 
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[0 0 16] 

t>u * i*> &&m®m t mmmwm tzm-rz mitm^ * ttz 

[0 0 17] 
[0 0 18] 
[0 0 19] 
[0 0 2 0] 

[0 0 2 1] 

[0 0 2 2] 
[0 0 2 3] 
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[0 0 2 4] 

& <*> * tea las-*- a £ ^-e § & o 

[0 0 2 5] 

[0 0 2 6] 
[0 0 2 7] 

TOSKfe^'f (Light Emitting Diode ; J^T, TLEDj b^p) <DWk 

&wmmx$>2>o 

[0 0 2 8] 

mm (JSIT, TZnO^KJ fcv>?) t'*ot> tZn0«tliai&S14Il 
a fcBfcSMttMl bfcSrtUv^, 
[0 0 2 9] 

-€" LT> iLEDtli, Zn0i«l«lttll a±t:H*12«$ 
tt N &5kftm 2 <D$miZ&WMi>( >i?*7&*X (Indium Tin Oxide ; T 
ITOJ t^d) frbk&nmftl 5 0 nm<DmwmM3tfMJ&Zti, ZhKm. 

<o0ffi®*#:mzi±N i'm> Aim, RVAumimxmmztitim 
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3 0 0 nm^pIII4*W$^tV^ 0 * fc. Z n O^K 1 
Ittfl b±l*iiT iitRtrAu«l*«JR^«»$*tfcJRfflMH-»3 0 0 nm<Dn 

mw& 5 £ tLX^&o 

[0 0 3 0] 

9ldJfe^$tL. ifc^ n^7f 7 lin^nv*? Ym 6 nOlfe^l 
[0 0 3 1] 

MttJf 8 (i> CdOtZnOt £-£*:§IJ?£> 2 0 0 n m<9C d x Z n i 

_ x O (actt. 0sSx<lT% 0flx.tfO. 1) -CT&J&ZtiX^Zo 
8 W\ n^^r^V TT^^WT-t p3&<0**V T^&£IE?Lt<^?f§£-K<fc D 

[0 0 3 2] 

^§< > tfflx.tf, MgOfcZnOtWe^^MgyZn 1-yO (yti\ 
0^y< 1T% mtfO. 2) ^«b&*K nl^7 7 KJg 7 tf>flgJ?fi£j 2 0 0 0 
nnu p|?5y KJB 9 <OlRJ|C*±jKl 6 0 0 nmi:fi$titv^ 0 
[0 0 3 3] 

nln>^ M6Mpi^>^ b*l 0 it, *K]&JP$J2 0 0 n 

m(£>Z nO-e^^tt-rv^o 

[0 0 3 4] 
[0 0 3 5] 

£1\ SCVT (Seeded Chemical Vapor Transport) SftZnOWB^ 
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[0 0 3 6] 

z n o<dx $ \zj£m&*^*i\L&m*mbv>m&*mw\irtt$kt l-c »±, 

ra«MS«^^5i->tfeSl^fc(CA I CISS)ft (APPLIED PHYSICS LETTERS Vo 
1.72 (1998) p824) > WSMrHSmVi ( C B E D ) & (APPLIED PHYSICS LETTERS 
Vol.69 (1996) p337) , gMRStt*«$it(S NDM)ft 0fe®&#v^*°v* 
A rJEm^^tt&T^-f *J (2000^2^) pp. 23-30) #^^»tLtv^ 
^ ^HJfe^f^^ti S NDM (Scanning Nonlinear Dielectric Microscopy) 

[0 0 3 7] 

^^n-r^>i:zno^iomi4^^L^5Mffi^^^m-t-^)o mm 

W TOJ cot §{i«fi^ s en*n$tt-tv^v^zi6^ ffite*R8fcL;fc&JK«^fcMfc 

mztift^o osik sNDMifc-eii, z no^ii^mft^enin-r^ en 

ZnOiSllt^o- T&fl- % $ * f, * gpjp t # © 5t SM-f- 
ffll K$ZiZt%> Z n O*RoStt**J5l0-r & c ^ *Hi&O^S8 

[0 0 3 8] 

HI2 (a) (b) l±Z n OH«l OSttlJtt^tH'Ciot, «ttt±jfe2fcft 
(jum) , Wii5« (a.u. ^Ltv^e tit. 02*, ^cEPX 

[0 0 3 9] 

Lt> HI2 (a) tc^-tJ:^^, ffite^ri«3£JMi^fcJfc^T-«fc^ L 
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tzm&iZZ n Oit 1 OlttIlil^ttI"e* >) > m 2 (b) ^-fJ;?^ 

Kit^T +110 OTLf:M« Z n O to 1 OMt£® 

[0 0 4 0] 

±.&<7ypQ < Z n omffi. 1 ?)S14£¥!lSlJ Lfcik ?uYu 
(Electron Cyclotron Resonance ; J£J.T\ TECRJ t^o) 9&$t% 

ffi^u' zxxowfcinm&w&mi a±tczno^m^m^i-^o 

[0 0 4 1] 

U MMtt® 1 a t& s ±M fc^^i^cZnOStl ^M^j^teS^-t ? 
■r-r ZnOifl «ri&£ 3 0 0-8 OOtCMt^o 

[0 0 4 2] 

£j£^K:«j&S-r&«K> Yvytf&mir&mmk. (2. 4 5 GHz) 

[0 0 4 3] 

^•Lti^ *^;> 9 y\z.%m&Mh 1 5 ow) £epjn 

U 7 p 9X^^-e^$*L7^7 p 7Xv^^LT^-r"y (ZnO) 

y * V > ^ U KJ&te*'* 7^'J>^ia"5Zn 1 ZnO 

HWa^3>^ M6^«t-?..o 3fcfc, MgOfcZnOi: £j^lI<7>iis'D 
J£&CT$S*£L*:*-y-.y h LXfiLfoftiXsiy 9 'J >^£f?V^ Mg y Z n 

1 _ y O- (0^y< 1) ^<b£;£> n^^7^ Ki7«t^o 
[0 0 4 4] 

J^T> >^tIU JlE^Cd x Zn i_ x O (0 

^x<l) /^&&Stt/18^ Mg y Zni_yO (0^y<l) frhta&vlfc 

[0 0 4 5] 

^IS^i:i 0 Z n OitlOiiittffi 1 b<7)^®£T i flU&^A 
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? Vmi 00*®K:iTOit*JftitU'raM»|i3«:^jSU -e<^^ 'J7b* 
"7ftfcJ:lJNU AK A u ^Mfl IT pilS4 IrMt^o 
[0 0 4 6] 

Z <D X o 1 <7)miM<nfZ>MX-l*, Z n O&mi la±t:Zn 

mioA^mm) Km-rxoK, ¥ti^f7xi i ^git^t-^i 2& 
-r^ - ^ & < > M¥?ti4^tL^ z n ommznz - £ § 

[0 0 4 7] 

ft, Hi3^-r<t^^¥rteiC'Rtt^J^(i:. nI^77K17^m< 

0 -C *> |WJ^lc#^> 3 t &X § £ o 
[0 0 4 8] 

fit, ^OJ:^lctuIfiZnO^M^M¥rftt^tL-Cv^/ii6. ^ H B a f£ 

B B H ft ^^tLfcm^i#14<7)^^ LED a^t^o 
[0 0 4 9] 

[0 0 5 0] 

*^<7)^-e{i. It: S N DM^fffl I Z n Oil 1 Oiltcft $ 

*l£z n onmom&zm^tzo 

[0 0 5 1] 
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t%lx~$>2> z n omm. i z n omm<vm&zmw\-f 

[0 0 5 2] 

®4&Z nO^m^tt^tt^^i-HI-e^oT, ®2 (a) (b) tmU, ffi 

mim&& (^m) . mmimm (a.u.) ^epx^i^zno^n^ 

[0 0 5 3] 
[0 0 5 4] 

MIS (^/I'-lfelW-^SHW) *jfi, ^v^{iv>^;^xnmit^*^ffl 
LTUv>„ 

[0 0 5 5] 

— K (Laser Diode ; IT, l~LDj W«^»f®|g-e**o 
[0 0 5 6] 

***fcfct>, iLDIi, mm&*m-f2>Z nOitl 3 0MI&M14M1 3 a_tK 
3&5frS 1 4tf*JBjfiS*U K»3fc» 1 4 OSItliN i KU Am. S^AuIi* 
JI|S^«®$tt^JU^^ti-^3 0 0 nm^)pllll 5^Jft$tLTV>* 0 

znosti 3<Dwmmw®i 3 b±ic(iT i ii&tfA umrnxmrnztitzm 
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[0 0 5 7] 

±m&Jtm 1 4 W\ ^StJ^{±> n^^ * H17> 5 y K« 1 8 

, n^jfe^W K® 1 9. fgftJi 2 0, p^^f-f KJf 2 1, pi^7 7 KJS 2 2 

tv^o i-^t>*>, 2 Ofi, n5&*r*f KJB 1 9&U ? p^:2f-'f KJg 2 1 

LT3=* nf^7-y Kg 1 8S^pI^7 7 KJg 2 2 K#e#$*LTV*S 0 
nl^7 7 rmi 8tenm^>?? Ymi 7&t>*ZnOil$£l 3 ^^Ltnil 
«1 6 pf^7 7 K12 2ttt%HM2 3^p^n>^^ hg 

2 4^UpfflIIl 5 H^^^tLTV^ 0 
[0 0 5 8] 

JSteW 2 0 tt, ^WJCii, M g y Z n 1 - y 0 ( y i±> 0 ^ y < 1 T% Mx. 
If, 0. 1) )J^WJ7ltCd x Zni- x 0 (xii, 0^x<lt\ M 
0. 1) ^^^^^ai^^^^tL-rtLS nm-c?o^cSlc2 ~5JS^»t 
fc#m»T-#^«3t^^nTV^ 0 Lt> 2 0<DlWnf?7-; K 

€ 1 8Mpf^7-^ KJ12 2 J: ^^iv^^(± N f£ttJf 2 0 K;)fc£P*J§ D^tf^ 
£ fc^-e^*^ ?£14Jf 2 0^Mt?^^^i67G^^^Ki:^^)ii:^-e§ 
&v>,i:§{^ f&1£Jf 2 0^'bO^Mm : lrR5Jt-r'5>^^ t )> :<^/:*Mt 
S&0-g&£1f|j&-r & £ ? K^-ft/l 20^^5^*118 RXT p 5 y KJf 
2 2 t<Dmw±m?7V K118, 2 2 tfSttf2 0 fcO|BOit«WOjBW** 
•t&n&1tfr>t mi 9M'p»M FS2 l#^S*LTv»£ 0 
[0 0 5 9]. 

^-LT, ZnOitl 3 <Z>3E$&*tti5 1 3 a±WiZn0^f)**)DII5ll 5 

0 0 nmOni3>?^ hJf 1 7 S ^n^n>^ ^ M 1 7 <D 
ilPiMgyZni-yO (yW\ 0 ^ y < 1 T\ 0Jx.tfO . 2) ^£>£&Jgl 
J?ft2 0 0 0 nm<£>n^5y Kg 1 8>&^J&£*l, in^5-y K« 

1 8^If:(iZn0^ibife^^4 0 nmOnW Ml 9«£j££K 
Tv^ 0 LT\ nT&%1f<< Kll 9 OOTtC(i±fa#m#pM^it^©ttl 2 

3 *U MS1412 OO^MiCtiMg y Z n x _ y O (yii. 0^y<l 
-e. fHx.«f0. 2) ^<bft*JRJ¥#&4 0 nm^piW K* 2 1 
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$ l:tpf KI 2 1 (O^ItlliM g y Z n i - y O (yf±> 0^y<l 

"CffljUXO. 2) ^^^^ii»2 0 0 0 nm©p^77 K12 2«$ 

(MgyZni-yO (yti> 0^y< 1 T\ Mx.120. 2) tf>&*&RMM 0 

0 nm<Dwmmmm 2 3 23a *^-tz> x 7 ^ 

•C. pf^7 7 KS2 2<7>^Mlc{i«MJlS»2 3 £S? <fc ? tfffiT^lCp 
[0 0 6 0] 
[0 0 6 1] 

-T&fc-^ £1\ SCVTfeftZnOMiMU ZnO$g B B a ^ D H B 
*llOc*ll*lRHcMi£*®t^ajLTiS®W0*jfeL, ZnOit^IU ^-O 
S NDMfltEt&o 
[0 0 6 2] 

1 3 a#±I^SJ:?t:ZnOi«l 3 SrjSMMO^fjfeffifiH-t y x * 
> Z n O^El £*SJg3 0 0-8 0 ODlcMt^o »3RfO©&tt5!r 

ZnO) V >?LXRfc&A'-<y 9 V >FK£ «K Zn0itl30 

iICZn0^f)^Snl3>^?Ml7^no 
[0 0 6 3] 

K«l 9, t£14Jf 2 0, pf*^ KI2 1, p^*9? KB 2 2, Ili^i 

2 3tJK^WWn. 

[0 0 6 4] 

fit, mMIIM2 3*BJSLfclk J&mZIXtzZ nOSf l 3 
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[0 0 6 5] 

J&ttX/<y*i; ^fcfrVV. BJfMT^^Z nO^£>&£p^=?>*? hi! 2 4 
[0 0 6 6] 

f Ltd & i <7)mm<Dfm t mm. n&mmmz i^znoitn© 

MSIttll 3 b<DmmzT i m^^AuM^M^EmtTnUljm^l 6 

L> &V*-C\ A^H^&KJ: *) pl3>^ hJp2 4 0£®fcN i , A U Au 

[0 0 6 7] 

coiM:*i2o»fi^ znostn 

[0 0 6 8] 

*Lfc*K Z n Ol^ItlMtf #41:^ i t ^ ^ < , l/d s oTiWll 
[0 0 6 9] 

[0 0 7 0] 

EI 6 {^^^#^^^^^^^03 co^iiO^Si: UOlIh7>y 



ffifiE# 2003-3054752 



^® 2002-172301 ^ ^- v : 15/ 

7.5 (Thin Film Transistor ; JJIT, TTFTJ t^o) om^ffMEiT^ o 
t, ^'TFTti, i^itt^ZnOIt2 5t> S(Z n 2 5 Ji0«Ht«*»fc 

3&j£&*Lfcl8IJ¥5 0 nm^y- Mt2 6 Mt2 6 <£ "9 KZ 

nOit2 5±^BJK$HfeW2 0 0 nmO^- MfeliJf 2 7 h*fc 
ii27 ±K3B)SS fitiWSM 5 0 n m<0?&14Ji 28t, fCfctt® 2 8 OBfrf *S5 
^jS$*t^KW»2 0 0 nmO^iMMfc^Jf 2 9 fc, 2 9 

<D—U*M.l X.lKft$L J £fcfcWkW$)2 0 0 nmtf>V-*m«3 OMKW^ 

1 $*L"CV*&o 

[0 0 7 1] 

-e-LT, ±|BTFT-C»i, ZnOit2 5»i^I, "f ^t>*> % h 
m^2 6. ^-fW2 7, y£14Jf 2 8> ^-V^;^^2 9, V-**«3 
ORirKW ^m^3 1 i:-e^>f y^-^^»**lftU iti^X^f 
ZnOit2 5 2 5 a±K5&Jflt$*L-CV»&«> fLt> y~Mt2 

6. V-^I«3 0, SlTKHVltS lit G a £Z nOi: V-7't2>Z.b 
\,Z£V) j&t&mtZtlXte «9 > £ fc**- h ^* 2 7 ^ 2 9(iN 

i £Z nOt: K-^i"*C tKX ^WfnAkZfiX^&o ttz, m&M 2 8 
y V Z n 0*KT?3&aS*tTV»*i&^ ?f ]ilBJ&^<«St:frJE£faJ^$1~ 

& £ £ K J; ^ ITO^miim^Il^U ZtiKX*) nl^ft5i^:f 

[0 0 7 2] 

fit, ±iBTFT*>. ±|B»12t^2 0||JfeO^JKfc«ftra^ ECR^' 
[0 0 7 3] 

/n° y * y y*ff\<\ Z n O^K 2 5 OMi&«feM 2 5a±l:ZnOI (ZnO 
I G a) &J&j£-r*o 
[0 0 7 4] 
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fit, Z<D^ fZ nOit2 5*ECR^A'7^t^^^ffiU 7* 
[0 0 7 5] 

ZnOlt2 5_hlC^- *d £LT**- b*6IDf 2 7 

iPbEU&ISLX'i'y ? } ) >^«rffv^ f§te» 2 8 o 
[0 0 7 6] 

motZnOl (ZnO : N il) ^Lfct, -h&fc|i«> IZnOl 

^*-WtU i OtN a O H ^ t'OT;v* U Mt: ± jD^^v^flyffifcJfcl, 
„ ^*;Hfc^@ 2 9 «rS^"t*o 
[0 0 7 7] 

* y >^*ffv\ $£>m % ji^tiwi^ tZnO:G amzy* h h *m 

„ N &0H%¥<DT)l'%i)mi&K£Q^v^>7&m.*MLXV-XWM3 OR 
[0 0 7 8] 

i^>±^ 3 ©lfcJfc©3BIRtN;J\ T F T^'Z n 0^<7)#§I«$tLt 

-T^^*>> t:^m;V7 7^y'J n> ( a -S i) -e^ 

T*(i> fiHBB 2 8 K^rir y 7tfm 3 . 3 e V fclT^jte^ LT^ft* 
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[0 0 7 9] 
[0 0 8 0] 

(I CP) Aij 3 y$|^7X7 (HWP) -f^> 

^^^V>«WS»m <«X.lJ^mxkf^^y. (MB E) 
tffc&Kft^aWB (MOCVD) 1/-Wtit:^^y (V-fMBE) 
XliV-f77V-y a >^*«ffl UZn 0^»JR«r^i"& i^:L 

[0 0 8 1] 
[0 0 8 2] 

**IJI*fc ti> ECR^'7^f^ffflU ZnOit«lttIt:Zn 
0»il*^jftU-^«Ol*lftM-*f^llU 4^ Zn0i«O8l«SttIt:Z 
nOll«U Jt«E«OKIIM-*f^»U^o 
[0 0 8 3] 

*i«iu z n o^£j£MM<am5EftaKBeisrr;& £*aiK& 6 2 0 

tCMLfeo Lt> Tsrtv *1S7sk LT 2 OsccmOAr if*. BJBif^tL 
X 1 OsccmOO 2 ^^^7Xv^lt:ft^Lt-7^^nHLT-/7X 

v£§§&$-tf\ x;*y*jr-Yy Mci 5 owo?sjsafe«#&epinu sistt^ 
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[0 0 8 4] 
[0 0 8 5] 

El 7 (illWJO Z n O^m^^ U 118 ^JtWJT^ JZn OSfOtfitt 
MJtKf^StLTtZ nOfl^Ltv^o 
[0 0 8 6] 

£<7)III8^£>0J!£>^&J: dK> Jtfc^lOZ nO^(i:^lc^oT43^|§ H H H e. 
[0 0 8 7] 

ZtiKttLrm7K7Flr£7 KM1MM<0 Z n O HWiIfKli¥rl ^f7X 
[0 0 8 8] 

[0 0 8 9] 

^W^blZ, Z n Oil® l*¥^Itt^ RM S Sritti t, ^®9"7 
[0 0 9 0] 

-e-^^> JttScM^Z nO^IE{iS^¥^®m^RMS56 s 2 0. 4 nm"C*>o 
£<mc*frU ii^JO Z n Of St ¥%ffiffi? RM S ^ 1 . 4nm-e&*K 
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